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@ A piezoelectric ink droplet ejecting device 
drivable with a low voltage, simple in structure, 
less costly to manufacture and capable of pro- 
ducing printed data with high resolution. A 
piezoelectric ink droplet ejecting device has a 
plurality of ink ejectors each composed of a 
piezoelectric transducer for varying the volume 
of an ink passage-to eject ink out of the ink 
passage. A single piezoelectric ceramic panel 
which is polarized in a thickness direction has a 
plurality of through holes parallel to the 
polarized direction. The through holes serve as 
ink passages. When a driving electric field is 
applied in a direction perpendicular to the 
polarized direction, the piezoelectric ceramic 
panel is elastically deformed under thickness 
shear effect, thus varying the volume of the ink 
passages to eject ink droplets therefrom. 



FIG. 1 
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The present invention relates to a piezoelectric 
ink droplet ejecting device, and more particularly to a 
piezoelectric ink droplet ejecting device operable 
based on the elastic deformation of a piezoelectric 
transducer. 5 

There have recently been proposed an ink jet 
printer having a printer head for printing with a 
piezoelectricafly propelled ink jet. When a piezoelec- 
tric actuator varies its dimensions, the volume of an 
ink passage is varied. When the volume of the ink pas- 10 
sage is reduced, ink contained in the ink passage is 
ejected out of an orifice, and when the volume of the 
ink passage is increased, ink is introduced from a 
valve into the ink passage. The printer head with such 
an ink ejector is known as a printer head of the drop- 15 
on-demand type. A plurality of such ink ejectors are 
closely put together, and ink is ejected from desired 
ones of the ink ejectors for forming a desired charac- 
ter or image. 

With the conventional piezoelectric ink dropiet 20 
ejecting device, however, each of the ink ejector 
Includes a single piezoelectric actuator. In the case 
where a number of ink ejectors are closely arranged 
for printing a wide range of desired data with high re- 
solution, the overall structure is complex, manufac- 25 
tured in a large number of steps, and expensive to 
manufacture. 

In view of the aforesaid drawbacks of the conven- 
tional piezoelectric ink droplet ejecting device, it is an 
aim of the present invention to provide a piezoelectric 30 
ink droplet ejecting device which is simple in structure, 
less costly to manufacture, and can produce printed 
data with high resolution. 

According to the present invention there is pro- 
vided a piezoelectric ink droplet ejecting device hav- 35 
ing a plurality of ink ejectors each composed of a 
piezoelectric transducer for varying a volume of an ink 
passage to eject ink out of the ink passage, the device 
comprising the piezoelectric transducer made of a 
piezoelectric material and polarized in a direction. The 40 
piezoelectric transducer is formed with a plurality of 
the ink passages extending therethrough in a direc- 
tion parallel to the polarized direction. The piezoelec- 
tric transducer is elastically deformable to vary the 
volume of the ink passages to eject ink stored therein 45 
in response to a drive electric field applied perpen- 
dicularly to the polarized direction in each of the ink 
passages. 

The piezoelectric material disposed around an 
ink passage corresponding to any one of the ink ejec- 50 
tors is elastically deformable under thickness shear 
effect in the transverse direction thereof for ejecting 
ink in the ink passage from the ink ejector. 

The present invention will be further described 
hereinafter with reference to the following description 55 
of exemplary embodiments and the accompanying 
drawings, in which;- 

FIG. 1 is a cross-sectional view showing an array 
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of a piezoelectric ink dropfet ejecting device; 
FIG. 2 is a transverse cross-sectional view taken 
along line II - II of FIG. 1; 

FIG. 3 is a view showing the array with an electric 
circuit connected thereto; 

FIG. 4 is a transverse cross-sectional view taken 
along line IV-IV of FIG. 3; 

FIG. 5 is a cross-sectional view showing an array 
of a piezoelectric ink droplet ejecting device 
according to one modification to the first embodi- 
ment of the present invention; 
FIG. 6 is a transverse cross-sectional view show- 
ing an array of a piezoelectric ink droplet ejecting 
device according to another modification to the 
first embodiment of the present invention; 
FIG. 7 is a cross-sectional view showing an array 
of a piezoelectric ink droplet ejecting device 
according to still another modification to the first 
embodiment of the present invention; 
FIG. 8 is a fragmentary perspective view showing 
an ink jet printer which incorporates a piezoelec- 
tric ink droplet ejecting device; 
FIG. 9(a) is a cross-sectional view showing an 
array for use in a piezoelectric ink droplet ejecting 
device according to a second embodiment of this 
invention; 

FIG. 9(b) is a transverse cross-sectional view 
taken along line IX - IX of FIG. 9(a); 
FIG. 10(a) is a view showing the array with an 
electric circuit connected thereto according to the 
second embodiment of this invention; 
FIG. 10(b) is a transverse cross-sectional view 
taken along line X-X of FIG. 10(a); 
FIG. 1 1(a) is a perspective view showing a defor- 
mation of a wall because of thickness shear effect 
mode; 

FIG. 11(b) is a plan view showing a deformation 
of a side ends fixed wall in the thickness shear 
effect mode; 

FIG. 12(a) is a cross-sectional view showing an 
array for use in a piezoelectric ink dropiet ejecting 
device according to a third embodiment of this 
invention; 

FIG. 12(b) is a transverse cross-sectional view 
taken along line XII-XII of FIG. 12(a); 
FIG. 13(a) is a view showing the array with an 
electric circuit connected thereto according to the 
third embodiment of this invention; 
FIG. 13(b) is a transverse cross-sectional view 
taken along line XIII-XIII of FIG. 13(a); 
FIG. 14(a) is a plan view showing an array of a 
piezoelectric ink droplet ejecting device accord- 
ing to one modification to the third embodiment of 
the present invention; 

FIG. 14(b) is a cross-sectional view taken along 
line XIV-XIV of FIG. 14(a); 

FIG. 15(a) is a plan view showing a piezoelectric 
ceramic panel in the first embodiment; 
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FIG. 15(b) is an exploded perspective view show- 
ing the manner in which the array according to the 
first embodiment is assembled; 
FIG. 16(a) is a plan view showing a piezoelectric 
ceramic panel in the second embodiment; 
FIG. 16(b) is an exploded perspective view show- 
ing the manner in which the array according to the 
second embodiment is assembled; 
FIG. 17(a) is a plan view showing a piezoelectric 
ceramic panel in the third embodiment; 
FIG. 1 7(b) is an exploded perspective view show- 
ing the manner in which the array according to the 
third embodiment is assembled. 
A piezoelectric ink droplet ejecting device accord- 
ing to a first embodiment of the present invention will 
hereinafter be described in detail with reference to 
FIGS. 1 through 8. Firstly, FIG. 8 fragmentarily shows 
an ink jet printer incorporating the piezoelectric ink 
droplet ejecting device according to the first embodi- 
ment of the invention. A platen 36 for supporting a 
sheet of paper 58 is rotatably mounted on a frame 40 
by a'shaft 38, and can be driven to rotate about its own 
axis by a motor 42. A piezoelectric ink droplet ejecting 
device 44 is disposed in confronting relationship to the 
platen 36. The piezoelectric ink droplet ejecting 
device 44 is mounted, together with an ink supply unit 
46, on a carriage 48. The carriage 48 is slidably sup- 
ported on two guide rods 50 extending parallel to the 
axis of the platen 36. and is coupled to a timing belt 
56 that is trained around a pair of pulleys 52. One of 
the pulleys 52 can be rotated by a motor 54 for moving 
the timing belt 56 thereby to move the carriage 48 
along the platen 36. 

FIG. 1 shows in cross-section an array 1 in the 
piezoelectric ink droplet ejecting device 44. FIG. 2 is 
a cross-sectionaf view taken along line ll-ll of FIG. 1, 
showing the array 1. The array 1 includes an upper 
piezoelectric ceramic pane! 2 and a lower piezoelec- 
tric ceramic panel 3. The upper piezoelectric ceramic 
panel 2 is polarized in the direction indicated by the 
arrow 26 and has a thickness of 1.25 mm. The upper 
piezoelectric ceramic panel 2 is formed with through 
holes each having a diameter of 0.5 mm which have 
respective centers spaced by a distance of 0.75 mm. 
The through hoies are arranged in a geometric pattern 
having symmetric hexad axes (having 6 rotational 
symmetry (2/r/n; n=6). 

The lower piezoelectric ceramic panel 3 is also 
polarized in the direction indicated by an arrow 28. 
The panel 3 is formed with through holes each having 
a diameter of 0.5 mm which have respective centers 
spaced by a distance of 0.75 mm and are arranged in 
a geometric pattern having symmetric hexad axes. 
The lower piezoelectric ceramic panel 3 has a thick- 
ness of 1.25 mm. The upper and lower piezoelectric 
ceramic panels 2, 3 are bonded to each other by an 
adhesive layer 14 interposed therebetween. The 
through holes serve as ink passages 4 each having a 
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circular cross-section of a diameter of 0.5 mm and a 
length of 2.5 mm. 

The ink passages are divided by walls of the 
piezoelectric ceramic panels 2, 3. Each wall has a 

5 minimum transverse width of 0.25 mm. The in ner wall 
surfaces of all the ink passages 4 are lined with elec- 
trodes 6 whose surfaces are coated with insulating 
films for insulation from ink. 

An orifice plate 8 having orifices 10 communicat- 

10 ing respectively with the ink passages 4 is joined to 
the upper surface of the upper piezoelectric ceramic 
panel 2. A bottom plate 12 having ink supply pas- 
sages 13 connected to the ink supply unit 46 and com- 
municating respectively with the ink passages 4 is 

15 joined to the lower surface of the lower piezoelectric 
ceramic panel 3. An ink ejector 34 thus comprises one 
orifice 1 0 for ejecting ink droplets, one ink passage 4, 
one ink supply passage 13, and the piezoelectric 
ceramic panels 2, 3 for varying the volume of the ink 

20 passage to apply a pressure to ink contained therein. 
The array 1 of the piezoelectric ink droplet ejecting 
device 44 has nine (9) ink ejectors 34 as best shown 
in FIG. 1. . 

The array 1 has an electric circuit as shown in 
25 FIG. 4. In this electric circuit, all electrodes 6d on the 
inner surfaces of those through holes 5 which are 
positioned at the edges of the array 1 and hence 
unable to provide ink passages 4, are connected to a 
ground. Electrodes 6a through 6c are connected to 
30 the driver LSI chip 1 6, to which there are also connec- 
ted a clock line 18, a data line 20, a voltage fine 22, 
and a ground line 24. 

The ink passages 4 are divided into groups A, B, 
C which are not positioned adjacent to each other, as 
35 shown in FIG. 1. Successive clock pulses supplied 
from the clock line 18 are applied to successively 
drive the ink passage groups A, B, C. Data in the form 
of a multibit word transmitted over the data line 20 
selects a group of ink passages 4 and one of the ink 
40 passages 4 of the selected group, which is to be 
actuated, and a voltage V on the voltage line 22 is 
applied to the electrode 6 in the selected ink passage 
4. At this time, the electrodes 6 in the other ink pas- 
sages 4 of the same selected group and the elec- 
ts trodes 6 in the ink passages 4 of the other groups are 
grounded. Therefore, an electric field is applied be- 
tween the electrode in the selected ink passage 4 and 
the electrodes in the six (6) adjacent ink passages 4 
in directions normal to the polarized directions of the 
50 piezoelectric ceramic panels 2, 3. The walls of the 
piezoelectric ceramic panels 2, 3, which define the ink 
passages between which the electric field is applied, 
are elastically deformed under the thickness shear 
effect in the transverse direction, thereby varying the 
55 volume of the selected ink passage 4. In this manner, 
all the ink passages 4 of the groups can be actuated. 

FIGS. 3 and 4 show an instance in which an ink 
ejector 34b is selected according to given print data. 

3 
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FIG. 4 is a cross-sectional view taken along line IV-IV 
of FIG. 3. A voltage V from the voltage line 22 is 
applied to an electrode 6b in ah ink passage 4b, and 
all other electrodes 6 including electrodes 6b, 6c in 
those ink passages which are positioned adjacent to 5 
the ink passage 4b are grounded. In response to the 
applied voltage V, a driving electric field is applied in 
the directions indicated by the arrows 32 to all walls 
of the piezoelectric ceramic panels 2, 3, including 
walls 2b, 3b, 2c, 3c, which surround the ink passage 10 
4b. 

Since the driving electric field is directed perpen- 
dicularly to the polarized directions, all walls of the 
piezoelectric ceramic panels 2, 3, including walls 2b, 
3b, 2c, 3c, which surround the ink passage 4b are is 
elastically deformed under thickness shear effect into 
the cross-sectional shape of a chevron toward the ink 
passage 4b. Therefore, the volume of the ink passage 
4b is reduced, ejecting ink 30 out through an orifice 
1 0b. When the application of the voltage is cut off, all 20 
walls of the piezoelectric ceramic panels 2, 3, includ- 
ing walls 2b, 3b, 2c, 3c, which surround the ink pas- 
sage 4b return to their original positions. At this time, 
the volume of the ink passage 4b is increased, and the 
ink passage 4b is supplied with inkfrom the ink supply 25 
unit 46 through the ink supply passage 13b, 

Likewise, when another ink ejector 34c is selec- 
ted, all walls of the piezoelectric ceramic panels 2, 3, 
including walls 2c, 3c, 2d, 3d, which surround an ink 
passage 4c are elastically deformed under thickness 30 
shear effect into the cross-sectional shape of a chev- 
ron toward the ink passage 4c, which then ejects ink 
therefrom. 

With the piezoelectric ink droplet ejecting device 
according to the present invention, a piezoelectric 35 
transducer for actuating the nine ink ejectors 34 is 
composed of two piezoelectric ceramic panels 2, 3, 
with a resultant simplified structure for the array 1 . The 
piezoelectric ink droplet ejecting device can be man- 
ufactured in a relatively small number of steps and 40 
with a relatively low cost by employing the array 1 or 
a combination of arrays 1 . It is possible to increase the 
number of ink ejectors 34, reduce the size of the array 
1 , and increase the resolution of printed data by using 
a number of closely positioned through holes or ink 45 
passages 4 in the piezoelectric ceramic panels 2, 3. 
For example, an array 1 can have ninety-six (96) ink 
passages 4, which are of the same dimensions and 
spaced at the same center- to-center distance as 
those of the illustrated embodiment, in a matrix of 8 so 
(vertical) x 12 (horizontal). Such array has outer 
dimensions of 10 mm x 6 mm x 5 mm or less. 

Various modifications may be effected to the first 
embodiment described above. For example, the ink 
passages 4 may not necessarily be arranged in a 55 
geometric pattern having symmetric hexad axes, but 
may be in any one of geometric patterns having sym- 
metric diad, triad, tetrad axes, for example. As one 
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typical modification, in a geometric pattern having 
symmetric tetrad axes shown in FIG. 5, the ink pas- 
sages 4 are divided into two groups A, B, and the 
driver circuit for their electrodes may be of a simpler 
design. 

Further, the through holes serving as ink pas- 
sages may not necessarily be of a uniform inside 
diameter, but each of them may have different-diame- 
ter portions including smaller-diameter portions as an 
orifice 10 and an ink supply passage 13 and a larger- 
diameter portion as an ink passage 4, as shown in 
FIG. 6. Such a modification is effective to reduce the 
number of parts used. Further, electrodes 6 can also 
be formed on the top and bottom surfaces of the ink 
passages 4 in the piezoelectric ceramic panels 2, 3 as 
shown in FIG. 6. In this case, the electrodes can be 
energized with a lower voltage, since a thickness 
expansion effect also occurs at the top and bottom 
portions of the ink passage 4 in addition to the thick- 
ness shear effect. 

The ink passages 4 may not be of a circular cross- 
section of necessity, but may have an elliptical or 
polygonal cross section. In the case where ink pas- 
sages 4 are of a hexagonal cross-section, as shown 
in FIG. 7, the walls 2A of the piezoelectric ceramic 
panels 2, 3 which surround the ink passages 4 are of 
a uniform thickness. Thus, an ideal electric field dis- 
tribution can be developed in the walls 2A of a uniform 
thickness, so that the electrodes can be actuated with 
a lower voltage. 

As described above, the piezoelectric ink droplet 
ejecting device according to the first embodiment of 
the invention is simpler in structure and can be man- 
ufactured in a smaller number of steps than the con- 
ventional piezoelectric ink droplet ejecting device. 
Therefore, the ejecting device can be manufactured 
inexpensively. Since it is easy to pack a large number 
of ink passages in a small region, the piezoelectric ink 
droplet ejecting device can be reduced in size and can 
print data with increased resolution. 

A piezoelectric ink droplet electing device accord- 
ing to a second embodiment of the present invention 
will next be described with reference to FIGS. 9(a) 
through 1 1 (b). The second embodiment pertains to an 
improvement on the first embodiment That is, the first 
embodiment described above may have problem in 
that the required drive voltage varies depending on 
the configuration of the side walls of ink passages in 
the piezoelectric ceramic. For example, with the 
arrangement shown in FIG. 7, when six side wails 2A 
are actuated and elastically deformed into a common 
ink passage 4, the joints between the adjacent side 
walls 2A (at the vejtexes of the regular hexagonal - 
cross-sectional shape of the ink passage 4) are 
essentially not deformed into the ink passage 4, but 
remain fixed in position. Therefore, a high drive volt- 
age may be required to elastically deform the side 
walls 2A under thickness shear effect in the trans- 
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verse direction. 

This problem may be solved by increasing the 
distances between the fixed joints, i.e., by elongating 
the side walls in a direction perpendicular to the lon- 
gitudinal direction of the ink passages. However, such 
solution is disadvantageous in that the distance be- 
tween adjacent orifices is increased, resulting in a 
reduction in printing resolution, and the side walls 
have reduced mechanical strength which leads to 
lowering of reliability in the ink droplet ejecting device. 
The second embodiment is provided in view of the 
foregoing standpoints. 

As shown in FIGS. 9(a) and 9(b), an array 101 
includes an upper piezoelectric ceramic panel 102 
polarized in the direction indicated by an arrow 126 
and having through holes which are of a rectangular 
cross section having a vertical dimension of 1.0 mm 
and a horizontal dimension of 0.25 mm and which 
have respective centers spaced by a distance of 0.5 
mm. The through holes are arranged in a matrix of 2 
horizontal rows x 4 vertical columns. The upper 
■ piezoelectric ceramic panel 2 has a thickness of 1.5 
mm. The array 101 also includes a lower piezoelectric 
ceramic panel 103 polarized in the direction indicated 
by an arrow 28 and having through holes which are of 
a rectangular cross section having a vertical dimen- 
sion of 1 .0 mm and a horizontal dimension of 0.25 mm 
and which have respective centers spaced by a dist- 
ance of 0.5 mm. The through holes are arranged in a 
matrix of 2 horizontal rows x 4 vertical columns. The 
tower piezoelectric ceramic panel 1 03 has a thickness 
of 1 .5 mm. The upper and lower piezoelectric ceramic 
panels 102, 103 are bonded to each other. The 
through holes serve as ink passages 104, respect- 
ively, each having a length of 3.0 mm. The piezoelec- 
tric ceramic panels 1 02, 1 03 have side walls 1 05, 1 07 
which divide the ink passages 104. Each of the side 
walls 105, 107 has a horizontal dimension of 0.25 mm. 

Similar to the first embodiment, inner wall sur- 
faces of all the ink passages 104 are lined with elec- 
trodes 106 whose surfaces are coated with insulating 
films for insulation from ink. An orifice plate 108 hav- 
ing orifices 110 communicating respectively with the 
ink passages 104 is joined to the upper surface of the 
u pper piezoelectric ceramic panel 1 02. A bottom plate 
1 1 2 having ink supply passages 113 connected to an 
ink supply unit and communicating respectively with 
the ink passages 1 04 is joined to the lower surface of 
the lower piezoelectric ceramic panel 103. An ink 
ejector 1 34 thus comprises one orifice 1 10 for ejecting 
ink droplets, one ink passage 1 04, one ink supply pas- 
sage 113, and the piezoelectric ceramic panels 102, 
1 03 for varying the volume of the ink passage to apply 
a pressure to ink contained therein. The array 101 of 
the piezoelectric ink droplet ejecting device has eight 
(8) ink ejectors 134 as best shown in FIG. 9(a). 

The array 101 has an electric circuit as shown in 
FIG. 10(b). In this electric circuit, all electrodes 106e 
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at the edges of the array 101 are connected to a 
ground. Electrodes 106a through 106d are connected 
to the driver LSI chip 16, to which there are also con- 
nected a clock line 18, a data line 20, a voltage line 
5 22, and a ground line 24 similar to the first embodi- 
ment. 

The ink passages 1 04 are divided into two groups 
A, B which are not positioned adjacent to each other, 
as shown in FIG. 9(a). Successive clock pulses sup- 
to plied from the clock line 1 8 are applied to successively 
drive the ink passage groups A, B. Data in the form of 
a multibit word transmitted over the data line 20 
selects a group of ink passages 1 04 and one of the 
ink passages 104 of the selected group, which is to be 

15 actuated, and a voltage V on the voltage line 22 is 
applied to the electrode 106 in the selected ink pas- 
sage 1 04. At this time, the electrodes 1 06 in the other 
ink passages 104 of the same selected group and the 
electrodes 6 in the ink passages 4 of the other groups 

20 are grounded. Therefore, an electric field is applied 
between the electrode in the selected ink passage 
104 and the electrodes in the three (3) adjacent ink 
passages 104 in directions normal to the polarized 
directions of the piezoelectric ceramic panels 102, 

25 103. The walls of the piezoelectric ceramic panels 
102, 103, which define the ink passages between 
which the electric field is applied, are elastically defor- 
med under the thickness shear effect in the trans- 
verse direction, thereby varying the volume of the 

30 selected ink passage 104, In.this manner, all the ink 
passages 104 of the groups can be actuated. 

FIGS. 1 0(a) and 1 0(b) show an instance in which 
an ink ejector 1 34b is selected according to given print 
data. A voltage V from the voltage line 22 is applied 

35 to an electrode 106b in an ink passage 104b, and all 
other electrodes 106 including electrodes 106a, 106c 
in those ink passages which are positioned adjacent 
to the ink passage 104b are grounded. In response to 
the applied voltage V, a driving electric field is applied 

40 in the directions indicated by the arrows 132 to all 
walls of the piezoelectric ceramic panels 102, 103, 
including walls 105b, 107b, 105c, 107c which sur- 
round the ink passage 104b. 

Since the driving electric field is directed perpen- 

45 dicularly to the polarized directions, all walls of the 
piezoelectric ceramic panels 102, 103, including walls 
105b, 107b, 105c, 107c, which surround the ink pas- 
sage 104b are elastically deformed under thickness 
shear effect into the cross-sectional shape of a chev- 

50 ron toward the ink passage 104b. Therefore, the 
volume of the ink passage 104b is reduced, ejecting 
ink out through an orifice 110b. When the application 
of the voltage is cut off, all walls of the piezoelectric 
ceramic panels 102*. 103, including walls 105b. 107b, 

55 105c, 107c, which surround the ink passage 104b 
return to their original positions. At this time, the 
volume of the ink passage 104b is increased, and the 
ink passage 1 04b is supplied with ink from the ink sup- 

5 
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ply unit through the ink supply passage 113b. 

Likewise, when another ink ejector 1 34c is selec- 
ted, all walls of the piezoelectric ceramic panels 2, 3, 
including walls 105c, 107c T 105d, 107d, which sur- 
round an ink passage 104c are efastically deformed s 
under thickness shear effect into the cross-sectional 
shape of a chevron toward the ink passage 104c, 
which then ejects ink therefrom. 

Elastic deformation under shearing effect will be 
described below with reference to FIGS. 11(a) and to 
11(b). 

FIG. 1 1 (a) is a perspective view of a wall 1 40 fixed 
to a base board 141. The wall 140 has a height H in 
the polarized direction 28. a width or thickness W in 
the direction in which a drive electric field is applied 15 
by a pair of electrodes 142, and a length L in a direc- 
tion perpendicular to the polarized direction and the 
direction of the drive electric field. When the applied 
drive electric field is directed rightwardly in FIG. 1 1(a), 
the wall 140 is elastically deformed under thickness 20 
shear effect in the leftward direction as shown by a 
broken line T. When the volume of the ink passage 
1 04 is varied by the shearing deformation, the change 
in the volume is proportional to the length L and the 
square of the height H provided the width W and the 25 
applied voltage are constant. Therefore, it is more 
effective to increase the change in the volume of the 
ink passage 104 by increasing the height H. 

FIG. 11(b) is a plan view showing the wall 140 
fixed, at its opposite ends 144 in the direction L, to 30 
horizontal base boards 143. The array 101 of the ink 
droplet ejecting device has the illustrated structure in 
an actual application. When the drive electric field is 
applied, the wall 140 is elastically deformed with its 
opposite ends 144 being fixed, as indicated by the 35 
dotted lines Tl. To bend the wall 140 with its opposite 
ends 44 being fixed, there is required an energy or 
drive voltage which is greater due to stresses acting 
on the wall 140 than with the wall 140 with its longitu- 
dinal ends being free. The extra drive voltage is smal- 40 
ler as the ratio L/W is larger. According to calculations, . 
it has been confirmed that, in order to achieve a cer- 
tain volumetric change with the opposite ends 144 
being fixed, the required drive voltage is several hun- 
dreds times greater, when L/W = 1 , than a case where 45 
the end portions of the wall are free. Further, the 
required drive voltage in case of the end-fixed wall is 
several tens times greater, when L/W = 2, than the 
case of the wall with the free longitudinal ends, and 
the required drive voltage in case of the ends fixed- so 
wall is from several to ten times greater, when L/W = 
3, than the free wall. 

Consequently, the ratio L/W is required to be at 
least 3. On the other hand, if the ratio L/W were too 
large, however, it would be necessary for the 55 
piezoelectric ceramic panels 102, 103 to have very 
slender side walls 1 05, 107 in their longitudinal direc- 
tion (see FIG. 10(a)). Mechanical strength and reliabi- 
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lity of the piezoelectric ceramic panels 102, 103 would 
be greatly reduced as a result of injection molding or 
if the panel is subjected to machining such as drilling 
for forming holes. Further, such panel may lower the 
mechanical strength and reliability when it is driven by 
a drive electric field. For this reason, the ratio L/W 
should preferably be in the range of L/W ^10. There- 
fore, in order to allow the wall 140 to be elastically 
deformed under shearing stress in the transverse 
direction, the height H of the wall 140 in the polarized 
direction may be largest, and the ratio L/W of the 
length L of the wall 140 in the direction perpendicular 
to the polarized direction and the transverse direction, 
to the with W of the wall 140 may be 3 or more. 

The array 101 of the ink droplet ejecting device 
according to this embodiment has four side walls 105, 
107 surrounding one ink passage 104, Each of the 
side walls 105, 107 has a height H of 1.5 mm, a length 
L of 1.0 mm, and a width W of 0.25 mm. Since H is 
largest and L/W is 4 in the dimensional relations, the 
above conditions are satisfied. The drive voltage 
applied to eject about 90 pi of ink droplets was 43 V, 

Arrays according to comparative examples had a 
fixed height H, a fixed width W f a fixed pitch between 
adjacent orifices 110 in the array direction, and diffe- 
rent lengths L which make the ratio L/W vary from 2.6 
to 3.6. Drive voltages required to drive these com- 
parative arrays were 373 V (L/W = 2.6), 275 V (L/W = 
2.8), 182 V(L/W = 3), 132 V (L/W = 3.2), 97 V (L/W = 
3.4), and 73 V (L/W = 3.6).Those arrays with the ratio 
L/W smaller than 3 were required to be driven by vol- 
tages in excess of 200 V, and were not practical in 
use. 

The fixed orifice pitch indicates that the array 
according to the second embodiment of the invention 
can be driven with a low voltage without lowering the 
printing resolution, and the length L of the side walls 
105, 107 perpendicular to the array direction can be 
minimized by increasing the height H in the polarized 
direction. 

With the piezoelectric ink droplet ejecting device 
according to the second embodiment, a piezoelectric 
transducer for actuating the eight ink ejectors 134 is 
composed of two piezoelectric ceramic panels 102, 
1 03, with a resultant simplified structure for the array 
1 01 . The piezoelectric ink droplet ejecting device can 
be manufactured in a relatively small number of steps 
and with a relatively low cost by employing the array 
101 or a combination of arrays 101 similar to the first 
embodiment. 

Further, it is possible to increase the number of 
ink ejectors 134, reduce the size of the array 101, 
increase the resolution of printed data, and lower the _ 
drive voltage by using a number of closely positioned 
through holes or ink passages 1 04 in the piezoelectric 
ceramic panels 102 f 103. 

For example, an array 101 having sixty-four (64) 
ink passages 104, which are of the same dimensions 
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and spaced at the same center-to-center distance as 
those of the second embodiment, in a matrix of 2 (ver- 
tical) x 32 (horizontal), may have outer dimensions of 
2.2 mm x 16.2 mm x 5 mm or smaller. 

Further, since the configuration of a side wall is 
optimized to satisfy the conditions H ^ L and L/W s 3 
where H is the height of the side wall in the polarized 
direction, W the width of the side wall, ancfL the length 
perpendicular to the polarized direction and the width- 
wise direction, about 90 pi of ink droplets can be ejec- 
ted with a low drive voltage of 43 V without reducing 
the mechanical strength and reliability of the side wall 
and also the printing resolution. This available drive 
voltage level is extremely smaller than a conventional 
drive voltage ranging from about 120 to 170 V. 

While each of the ink passages is of a rectangular 
cross section in the second embodiment, it may be of 
an oval-shaped cross-section with round shorter 
sides. Such ink passages of oval-shaped cross-sec- 
tion can easily be formed by an injection molding or 
mechanical machining process, and are highly reli- 
able- because only a low stress concentration is 
applied when driving. 

Thus, in the second embodiment, the passage is 
defined such that the dimensions of a side wall be- 
tween adjacent ink passages are selected to satisfy 
conditions H^L and L/W ^ 3 where H is the height 
of the side wall in the polarized direction, W the width 
of the side wall, and L the length perpendicular to the 
polarized direction and the widthwise direction. Con- 
sequently, there is provided an ink droplet ejecting 
device which is capable of printing data with good re- 
solution, whose ink passages can be formed with 
ease, and which can be driven with a low drive volt- 
age. 

With the second embodiment, each of the ink pas- 
sages is defined in the shape of a rectangular paral- 
lelepiped parallel to the polarized direction, and each 
of the side walls of the piezoelectric transducer which 
is positioned between adjacent ones of the ink pas- 
sages has a depth H in the polarized direction, a width 
W in the direction of the drive electric field, and a 
length L in a direction perpendicular to the polarized 
direction and the direction of the drive electric field. 
Since the depth H s the length L, the ink can be ejec- 
ted in a fixed direction. Since the width W is small', 
printing resolution is now lowered. Since the length 
L/the width W S 3, the side wall can be elastically 
deformed into the cross-sectional shape of a chevron, 
resulting in a relatively large change in the volume of 
the ink passage. For example, a drive voltage 
required to eject about 90 pi of ink droplets when L/W 
= 4 is 43 V. Therefore, a large amount of ink droplets 
can be ejected with a low practical voltage. 

A piezoelectric ink droplet electing device accord- 
ing to a third embodiment will next be described with 
reference to FIGS. 12(a) through 14(b). The third 
embodiment is similar to the second embodiment in 



terms of consideration in the deformation of the side 
wall in connection with FIGS. 11(a) and 11(b). 

As shown in FIGS. 12(a) and 12(b), the array 201 
includes an upper piezoelectric ceramic panel 202 

5 and a lower, piezoelectric ceramic panel 203 which 
are bonded to each other. The upper piezoelectric 
ceramic panel 202 is polarized in the direction indi- 
cated by an arrow 26 and has through holes which are 
of a cross-section in the shape of an isosceles triangle 

10 having a height of 0.75 mm and a base of 0.5 mm and 
which have respective centers spaced by a distance 
of 0.5 mm. The through holes are arranged in a matrix 
of 2 horizontal rows x 11 vertical columns with adja- 
cent through holes turned upside down relatively to 

15 each other. The upper piezoelectric ceramic panel 2 
has a thickness of 1 .5 mm. 

The lower piezoelectric ceramic panel 203 is 
polarized in the direction indicated by an arrow 28 and 
has through holes which are of a cross-section in the 

20 shape of an isosceles triangle having a height of 0.75 
mm and a base of 0.5 mm and which have respective 
centers spaced by a distance of 0.5 mm. The through 
holes are arranged in a matrix of 2 horizontal rows x 
11 vertical columns with adjacent through holes tur- 

25 ned upside down relatively to each other. The lower 
piezoelectric ceramic panel 202 having a thickness of 
1 .5 mm. 

The through holes serve as ink passages 204 
each having a length of 3.0 mm. The piezoelectric 

30 ceramic panels 202, 203 -have side walls 205, 207 
which divide the ink passages 204 in the array direc- 
tion 215. Each of the side walls 205, 207 is inclined 
at an angle of about 72 degrees with respect to the 
array direction 215, has a width of about 0.24 mm, and 

35 a length of about 0.8 mm. The piezoelectric ceramic 
panels 202, 203 also have side walls 209, 21 1 extend- 
ing parallel to the array direction 215 and having a 
width of 0.25 mm and a length of 0.5 mm. The array 
201 thus constitutes a piezoelectric ink droplet elect- 

40 ing device having twenty-two (22)ink ejectors 234. 

FIGS. 1 3(a) and 1 3(b) show electrical connection 
and deformation of the ink passages. Electrical con- 
nection, principles of the deformation and operation 
mode are the same as those of the foregoing embo- 

45 diments, and therefore, further description is negli- 
gible. In the Figures, the ink passage 204b is to be 
operated, so that side walls 205, 207, 209, 211 sur- 
rounding the ink passage 204b are deformed because 
of the above described thickness shear effect. 

so Turning back to FIGS. 11(a) and 11(b), the ratio 

L/W is required to be at least 3 as described above. 
In this case, If the piezoelectric ceramic panels 202, 
203 had very slender side walls 205, 207, 209, 211 
(see FIG. 13(a) and 13(b)) in their direction of L so as 

55 to increase the ratio LA/V, and if the side walls had 
increased length along the height H , then the 
mechanical strength and reliability of the piezoelectric 
ceramic panels 202, 203 would be greatly reduced in 
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case of the injection-molding phase, machining phase 
for drilling holes, or actual driving phase by a drive 
electric field. Further with such an arrangement, the 
pitch of the orifices 210 and the outer dimension of the 
array 201 in the direction perpendicular to the array 
direction 215 would be increased. The above problem 
can be avoided in the third embodiment by not provi- 
ding side walls which would be perpendicular to the 
array direction 215 as shown in FIG. 12(a). 

More specifically, as shown in FIG. 12(a), the side 
walls 205, 207 are arranged to extend in the polarized 
directions 26, 28 (FIG. 12(b)) and also to extend in 
directions perpendicular to the polarized directions 
26, 28 similar to the foregoing embodiments. Further, 
the side walls 205, 207 extend at an angle of about 72 
degrees with respect to the array direction 
215(FIG.12(a)). Furthermore, other side walls 209, 
21 1 are arranged to extend in the polarized directions 
26, 28 and in a direction perpendicular to the polarized 
directions 26, 28 and also in the array direction 215. 

This arrangement results in a highly rigid struc- 
ture* and is effective to prevent the mechanical 
strength and the reliability from being lowered when 
injection-molded, mechanically drilled to form holes, 
or driven by a drive electric field. Since the height of 
the side walls 205, 207 may be sufficiently large, the 
drive voltage can be lowered without having to unduly 
increase the length L of the side walls 205, 207, 209, 
211. Because the side walls 205, 207 extend at an 
angle of about 72 degrees with respect to the array 
direction 215, the pitch between the orifices 210 in the 
array direction 215 and the outer dimension of the 
array 201 perpendicular to the array direction 21 5 may 
be reduced to about 94 % of those of the side waifs 
of the same dimensions which would extend perpen- 
dicularly to the array direction 215. 

For example, the array 201 according to this 
embodiment constitutes a multiorifice head having 
twenty-two (22) ink injectors 234, in a small size hav- 
ing a horizontal width 6 mm, a vertical height of 2.75 
mm, and a thickness of 3 mm. The array 201 accord- 
ing to the third embodiment has six (6) side walls 205, 
207, 209, 211 surrounding a single ink passage 204. 
These side walls are dimensioned to satisfy the con- 
ditions that H is largest and L/W ^ 3 such that each 
of the side walls 205, 207 has a height H of 1.5 mm, 
a width W of about 0.24 mm, .and a length L of about 
0.8 mm. Each of the side walls 209, 211 extending 
parallel to the array direction 21 5 has a height H of 1 .5 
mm, a width W of 0.25 mm, and a length L of 0.5 mm. 
With this arrangement, about 90 pi of ink droplets can 
be ejected by the array 201 with a low drive voltage 
of 35 V. The piezoelectric ink droplet ejecting device 
according to the third embodiment can be driven with 
a low drive voltage which is much lower than the con- 
ventional drive voltage ranging from about 1 20 to 1 70 
V. 

While each of the ink passages is of a cross-sec- 



BNSDOCiD: <EP^ 0505188 A2_l_> 




505 188 A2 14 

tion in the shape of an isosceles triangle in the depic- 
ted third embodiment, it may be of a trapezoidal cross- 
section with round shorter sides. Further, as shown in 
FIG. 14(a), ink passages may have round comers. 

5 Such ink passages with round corners can easily be 
formed by an injection molding or mechanical machin- 
ing process, and are highly reliable because the 
applied stress concentration is low when driving. 
The through holes serving as ink passages may 

10 not necessarily be of a uniform inside diameter, but 
each of them may have different-diameter portions 
including a smaller-diameter portion as an orifice 210 
and an ink supply passage 21 3 and a larger-diameter 
portion as an ink passage 204, as shown in FIG. 

15 14(b). Such a modification is of a simpler structure. 

According to the third embodiment of the inven- 
tion, as described above, inasmuch as side walls con- 
fronting each other and defining the ink passage have 
intersecting extensions, it is possible to maintain a 

20 side wall width capable of elastically deforming the 
side wall into the shape of a chevron. The drive volt- 
age required may be lowered by selecting the ratio 
L/W to be 3 or more. 

With the third embodiment, the ink passage has 

25 a cross-section in the shape of an isosceles triangle, 
those side walls which confront each other across the 
ink passage have intersecting extensions. Such an 
arrangement is effective to lower a drive voltage 
because the ratio L/W is 3 or greater. Since the side 

30 walls are inclined at an -angle of 72 degrees, for 
example, to the array direction, it is possible to main- 
tain a side wall width W required to elastically deform 
the side wall into the shape of a chevron, and also to 
lower the outer dimension in the array direction (in 

35 which the drive voltage is applied. 

Lastly, method for fabricating the array 1, 101, 
201 according to the foregoing embodiments will be 
described with reference to FIGS. 1 5(a) through 1 7(b). 
The fabrication steps are common to these embodi- 

40 ments. 

First, as shown in FIGS. 15(a), 16(a), and 17(a), 
piezoelectric ceramic panel blanks having through 
holes which will serve as the ink passages 4, 1 04, 204 
are prepared by injection-molding. The blank material 

45 is formed of a ferroelectric ceramic material such as 
lead zirconate titanate (PZT). Then, the piezoelectric 
ceramic panel blanks are degreased, baked, 
polarized in the transverse direction (thickness direc- 
tion) thereof. The panel is then plated with copper or 

so nickel by electroless plating to form electrodes the- 
reon, and processed to insulate the electrodes. 
Thereafter, the piezoelectric ceramic panel blanks are 
cut off along broken lines P passing through the cen- _ 
ters of the through holes in the first embodiment 

55 shown in FIG. 1 5(b), or cut off along broken lines P as 
shown in FIGS. 16(a) and 17(a) in the second and the 
third embodiments. Then, upper and lower surfaces of 
the panel are treated to remove any excessive elec- 

8 
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trode layers and for a more planar surface finish. The 
piezoelectric ceramic panel blanks may be extrusion- 
molded, or through holes may be mechanically drilled 
in baked piezoelectric ceramic panels. 

The electrodes may be formed by sputtering cop- 
per or nickel to provide the piezoelectric ceramic 
panels 2, 3, 102, 103, 202, 203. At this time, the axes 
of the holes and a parallel beam of metat atoms may 
be inclined to each other for the deposition of elec- 
trodes on the inner surfaces of the holes. Then, the 
orifice plate 8, 108, 208 with the orifices correspond- 
ing to the respective ink passages 4', 1 04, 204 and the 
bottom plate 12, 112, 212 with the ink supply pas- 
sages 13, 113, 213 corresponding to the respective 
ink passages 4, 104, 204 are joined to the upper and 
lower piezoelectric ceramic panels 2, 3, 102,103, 202, 
203 at a temperature sufficiently lower than the Curie 
temperature of the upper and lower piezoelectric 
ceramic panels 2, 3, -102, 103, 202, 203 so as not to 
reduce the polarization of the upper and lower 
piezoelectric ceramic panels. The bottom plate 12, 
- 1 1 2; 21 2 has on its lower surface a wiring for electri- 
cally connecting the electrodes in the ink passages to 
a driver LSI chip 16, as shown in FIGS. 15(b), 16(b), 
and 17(b), Then, the driver LSI chip 16 is mounted. In 
this manner, the array 1, 101, 201 is can be manufac- 
tured. 



Claims 

1. A piezoelectric ink droplet ejecting device having 
a plurality of ink ejectors each composed of a 
piezoelectric transducer for varying a volume of 
an ink passage to eject ink out of the ink passage, 
the device comprising: 

the piezoelectric transducer made of a 
piezoelectric material and polarized in a direction, 
the piezoelectric transducer being formed with a 
plurality of the ink passages extending theret- 
hrough in a direction parallel to the polarized 
direction, the piezoelectric transducer being elas- 
tically deformable to vary the volume of the ink 
passages to eject ink stored therein in response 
to a drive electric field applied perpendicularly to 
the polarized direction in each of the ink pas 1 
sages. 

2. A piezoelectric ink droplet ejecting device as 
claimed in claim 1, wherein the piezoelectric 
transducer comprises a pair of upper and lower 
piezoelectric ceramic panels bonded together, 
the upper piezoelectric ceramic panet being 
polarized in a first direction along the polarizing 
direction and being formed with through holes for 
serving as the ink passages, and the lower 
piezoelectric ceramic panel being polarized in a 
second direction opposite the first direction along 



the polarizing direction and being formed with 
through holes contiguous with the through holes 
of the first panel for serving as the ink passages. 

5 3. A piezoelectric ink droplet ejecting device as 

claimed in claim 2, wherein the ejector further 

comprises: ■ 

an orifice plate joined to an upper surface 

of the upper piezoelectric ceramic panel, the 
10 orifice plate being formed with a plurality of ink 

orifices in communication with the through holes; 

and 

a bottom plate joined to a lower surface of 
the lower piezoelectric ceramic panel, the bottom 
15 plate being formed with a plurality of ink supply 

passages in communication with the though 
holes. 



20 



25 



30 



4. A piezoelectric ink droplet ejecting device as 
claimed in claim 1, 2 or 3, wherein the ink pas- 
sages have circular cross-section, and are 
arranged in a geometrical pattern having sym- 
metric hexad axes. 

5. A piezoelectric ink droplet ejecting device as 
claimed in claim 2 or 3, wherein the ink passages 
have hexagonal cross-section, and are arranged 
in a geometrical pattern having symmetrical 
hexad axes. 



6. A piezoelectric ink droplet ejecting device as 
claimed in claim 1, 2 or 3, wherein the ink pas- 
sages have circular cross-section, and are 
arranged in a geometrical pattern having sym- 

35 metric tetrad axes. 

7. A piezoelectric though ejecting device as claimed 
in claim 1, 2 or 3, wherein the through holes are 
rectangular in cross-section, and are arranged in 

40 horizontal rows, preferably two in number, and 

vertical columns, preferably four in number. 

8. A piezoelectric ink droplet ejecting device accord- 
ing to any one of claims 1 to 6, wherein the 

45 piezoelectric transducer has side walls defined 

between the ink passages adjacent with each 
other, each of the side walls being dimensioned 
to satisfy the relationships H > L and L/W > 3 
where W is the width of the side wall in a direction 

so of the drive electric field, L the length of the side 

wall, and H the depth of the side wall in the 
polarized direction. 

9. A piezoelectric ink droplet ejecting device as 
55 claimed in any one of claims 1 to 8, wherein the 

piezoelectric transducer has side walls defined 
between the ink passages adjacent to each other, 
the side walls being inclined to an array direction 
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such that those side walls which confront each 
other in the array direction intersect with each 
other. 

10. A piezoelectric ink droplet ejecting device as 5 
claimed in claim 9, wherein the ink passages 
have an isosceles triangle cross-section for pro- 
viding the side walls intersecting with each other, 

and for providing other side walls extending in the 
array direction. 10 

11. A piezoelectric ink droplet ejecting device as 
claimed in claim 10, wherein neighbouring isos- 
celes triangular ink passages are oriented 
reversely by 180 degrees. 15 

12. A piezoelectric ink droplet ejecting device as 
claimed in claim 13, wherein the ink passages are 
arranged in a matrix of horizontal rows, preferably 

two, and vertical columns, preferably eleven. 20 

13. A piezoelectric ink droplet ejecting device as 
claimed in claim 12, wherein each corner of the 
isosceles triangular through hole is rounded in 
shape. 25 
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FIG. 9(a) 
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FIG. 12(a) 
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FIG. 13(a) 
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FIG. 14(a) 



205.207 




204 210,213 



FIG. 14(b) 



204 



v 



/ 
A 



V 




202.203 



210.213 



20 



BNSOOCID: <EP 05O5188A2J_> 




i J •! 

r b p — 16 

21 



BNSOOCID: <EP 0505l88A2J_> 



BP 0 505 188 A2 



FIG. 16(a) 




FIG. 16(b) 

110 108 




22 



BNSDOCID: <EP 0S05188A2J_» 



i 4 

:«1 ' V 



1 

EP 0 505 188 A2 



FIG. 17(a) 
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